The Y145Stop prion protein is a useful model for understanding basic principles of amyloid formation. Results: Deletion of the conserved palindrome sequence 113 AGAAAAGA 120 results in an altered amyloid ␤-core without affecting amyloidogenicity or seeding specificity.
The amyloid family of protein structures continues to intrigue researchers in both the chemical and biomedical disciplines. Amyloids, which are defined classically (1) as large, ␤-sheet rich protein assemblies having a characteristic "cross-␤" x-ray diffraction pattern, a tendency to bind dyes such as thioflavin T, and usually a fibrous morphology, have attracted much attention in recent decades for their role in human diseases such as systemic amyloidoses (2), type 2 diabetes (3) , and neurodegenerative disorders such as Alzheimer, Huntington, and the prion diseases (1, 4, 5) . However, amyloids are also of fundamental interest, as amyloid proteins have been found integral to such diverse biological processes as biofilm formation and fungal spore dispersal (1, 6 -8) . Moreover, the realization that non-native amyloids can be formed by hundreds of widely divergent proteins and peptides has led to reconsideration of the fundamental principles of protein stability and folding (9, 10) .
Both the functional and deleterious aspects of amyloid stem from the variability in the structure and stability of the fibril state (1, 7, 10, 11) and from the diversity of smaller, often toxic assembly intermediates (5, 12) . For the past several years, our laboratory has used the recombinant truncated prion protein (PrP) 4 variant PrP23-144 (also known as Y145Stop PrP), associated with a familial prion disease (13) , as a model system for understanding the structural principles underlying amyloid seeding capability and structural polymorphism (14 -17) . Structural studies by solid-state NMR spectroscopy (18 -20) have shown that PrP23-144 amyloid contains two ␤-strands spanning residues ϳ113-125 (with a break at positions ϳ116 -117) and a third strand involving residues ϳ130 -140 (numbering according to human PrP). The latter strand contains a species-specific sequence at residues 138 -139 that determines seeding specificity (15, 16) . The former ␤-strand region, conversely, encompasses a conserved hydrophobic palindrome sequence, 113 AGAAAAGA 120 , which has been shown critical for amyloidogenesis of certain PrP peptides (21) (22) (23) and for propagation of pathological PrP in cell culture (24) . However, given that C-terminal truncated Y145Stop PrP fragments containing the palindrome do not form amyloid in the absence of residues 138 -139 (14) , we questioned whether residues 113-120 are in fact critical for amyloid formation by PrP23-144, despite being incorporated into the fibril core. We have therefore studied amyloid formation and propagation by the ⌬113-120 PrP23-144 variant lacking the hydrophobic 113-120 palindrome and characterized the resulting fibrils by microscopic and spectroscopic methods. Surprisingly, deletion of residues 113-120 (which removes a significant portion of the ␤-sheetforming region of wild-type PrP23-144) does not abolish amyloid formation or seeding capability, although it does alter the fibril conformation. Even more interesting, solid-state NMR reveals that several residues that are unstructured in WT PrP23-144 fibrils become incorporated into the core of the ⌬113-120 PrP23-144 amyloid, whereas the C-terminal ␤-strand is largely conserved in both proteins. These results reveal a new mechanism for structural polymorphism in amyloid fibrils and indicate that certain amyloids may contain both "essential" (nucleation-determining) and "nonessential" parts in the ␤-core. Modification of the latter via evolution or biotechnology may provide a means of altering amyloid physical properties without compromising nucleation activity.
EXPERIMENTAL PROCEDURES
Protein Expression and Purification-The vector encoding human PrP23-144 (Met-129 polymorph) has been described previously (14) . Plasmid cDNA encoding ⌬113-120 PrP23-144 was produced by deletion mutagenesis on the wild-type template using a QuikChange kit (Stratagene). Natural abundance and 13 C, 15 N-labeled WT and ⌬113-120 PrP23-144 were expressed in Escherichia coli and purified by nickel ion affinity chromatography as described previously (18, 25) . After cleavage of the histidine tag, proteins were dialyzed exhaustively against Milli-Q water, lyophilized, and stored at 4°C until use. Purity of all proteins was better than 95% as judged by SDS-PAGE, and their identity was confirmed by MALDI mass spectrometry.
Kinetics of Fibrillization of PrP23-144-PrP23-144 variants were fibrillized as described (14) . Briefly, lyophilized protein was dissolved in Milli-Q water, and fibril formation was induced by addition of 1 M potassium phosphate (pH 6.4) to a final concentration of 50 mM. The final protein concentration was 400 M, and all samples contained protease inhibitors (Sigma). Periodically, 5-l portions of protein solution were withdrawn from each specimen and added to 500 l of 10 M thioflavin T, pH 6.4, in a 5-mm path length cuvette, and thioflavin T fluorescence (excitation, 450 nm; emission, 482 nm) was measured using an SLM 8100 spectrofluorometer. For seeded experiments, 5% (w/w) pre-formed amyloid fibrils were added to the reaction mixture immediately after reconstituting protein in buffer. All experiments were repeated a minimum of five times.
Atomic Force Microscopy-Atomic force microscopy images were obtained exactly as described previously (14) . Images were acquired in both height and amplitude modes and were processed by plane fitting and low pass filtering.
FTIR Spectroscopy-Infrared spectra of PrP23-144 variants were obtained as described (14, 16, 26) , using protein samples prepared in deuterium oxide instead of water. To resolve overlapping component bands in the amide IЈ region, all spectra were Fourier self-deconvoluted, using parameters equivalent to a 15 cm Ϫ1 peak half-width and resolution enhancement factor of 1.6.
Solid-state NMR Spectroscopy-NMR data were collected on a 500 MHz Varian spectrometer equipped with a 3.2 mm Varian BioMAS probe. The magic-angle spinning frequency was controlled at 11.111 kHz Ϯ ϳ3 Hz, and the effective sample temperature was actively regulated at ϳ5°C. A suite of twodimensional and three-dimensional NMR experiments, including two-dimensional 15 13 C ␣ was used to establish the resonance assignments of ⌬113-120 human PrP23-144 amyloid fibrils; typical parameters and experimental details can be found elsewhere (18, 27) . All NMR data were processed in NMRPipe (28) and analyzed using Sparky (29) .
RESULTS

Deletion of Residues 113-120 Does Not Affect PrP23-144
Amyloidogenesis-We questioned whether deletion of the palindrome sequence 113 AGAAAAGA 120 of human PrP, which composes a part of the ␤-sheet core of PrP23-144 amyloid (18 -20) and forms amyloid in isolation (21) , would abolish amyloid formation by PrP23-144. To this end, formation of WT PrP23-144 amyloid (designated [WT] ) and ⌬113-120 PrP23-144 amyloid (designated [⌬113-120]) was monitored using the fluorometric thioflavin T assay as described previously (14) . Surprisingly, the kinetics of fibril formation by both proteins were very similar, with lag phases of 3.6 Ϯ 0.5 h and 3.5 Ϯ 0.9 h for [WT] and [⌬113-120] amyloids, respectively (Fig. 1A) . Furthermore, in each case, addition of 5% (w/w) pre-formed fibrils to the solution of monomeric protein completely eliminated the lag phase, consistent with a nucleation-dependent mechanism of amyloidogenesis. We thus conclude that residues 113-120, despite being a part of the ␤-sheet core in PrP23-144 amyloid, are not essential for fibril formation.
Previous work on PrP23-144 variants established that amyloid formed from one protein sequence is often able to seed conversion of protein of another sequence, provided that the soluble protein is capable of adopting the conformation present in a critical (i.e. nucleation-determining) region of the amyloid seed (16) . To test the role of residues 113-120 as potential determinant of seeding specificity, we performed cross-seeding experiments using the thioflavin T assay. As shown in Fig. 1 , B and C, we found that addition of pre-formed fibrillar seed of either [WT] or [⌬113-120] amyloid to soluble protein of the other sequence results in effective seeding of conversion with total elimination of the lag phase of amyloidogenesis. Thus, residues 113-120 appear to be outside the critical nucleationdetermining region of PrP23-144 amyloid.
Wild-type and ⌬113-120 PrP23-144 Fibrils Display Different Structural Characteristics-Given the intriguing finding that the deletion of residues that form part of the ␤-sheet core in PrP23-144 fibrils does not abolish fibril formation, we addressed the issue of the structural consequences of this deletion. To this end, the ultrastructure of [WT] and [⌬113-120] fibrils was examined by atomic force microscopy and the secondary structure of these fibrils was assessed using Fourier transform infrared spectroscopy. Although low resolution images of fibrils formed by both proteins appear similar (Fig. 2,  A and B) , higher resolution amplitude mode images of individual fibrils (Fig. 2, C and D) show that deletion of residues 113-120 has a considerable effect on PrP23-144 fibril morphology. As noted previously (14, 16) , [WT] fibrils (Fig. 2D) exhibit a "bead-like" segmented morphology with a ϳ30 nm axial period. By contrast, [⌬113-120] fibrils were found to have a lefthanded helical morphology with some variation in the period of the helical twist, even along a single fibril. The period was most frequently ϳ70 nm, but ranged from 45 nm to 100 nm. (A representative fibril is shown in Fig. 2C .) Moreover, although [WT] fibrils have a relatively uniform thickness of ϳ5 nm as shown in earlier work (16) , [⌬113-120] fibrils are generally thinner (i.e. of smaller vertical dimension in height-mode images) and tended toward a bimodal distribution of fibril thicknesses, suggestive of a hierarchical mechanism of assembly. Fig. 2E shows a height mode image of a few [⌬113-120] fibrils; height sections through two of these fibrils (along lines ab and cd) are plotted in Fig. 2F . The thin fibril (line cd in Fig.  2E , gray in Fig. 2F ) has a mean thickness of ϳ2 nm (this is the type of fibril shown in Fig. 2C) ; fibrils thinner than this were never observed. The thick fibril (line ab, black) has a mean thickness of ϳ4 -5 nm, roughly twice that of the thin fibril, with a similar helical period. This observation raises the possibility that thicker [⌬113-120] fibrils form via association of thin [⌬113-120] fibrils (protofilaments), and this was, in fact, observed in a few atomic force microscopy fields (Fig. 2G ). Such hierarchical assembly was never observed for [WT] amyloid (14, 16) . Thus, deletion of residues 113-120 greatly affects not only the morphology but also the assembly mechanism of PrP23-144 amyloid fibrils.
These ultrastructural data are mirrored in FTIR spectra ( Fig.  3) , which report on protein secondary structure. Whereas both WT and ⌬113-120 PrP23-144 exhibit a single broad amide IЈ band centered at ϳ1648 cm Ϫ1 in soluble form, consistent with disordered secondary structure (30) , these proteins show distinct spectra in the fibrillar state.
[WT] fibrils contain peaks corresponding to ␤-sheet at 1628 and 1639 cm Ϫ1 as shown previously (14, 16, 26) , whereas [⌬113-120] fibrils have only a single ␤-sheet band at 1625 cm Ϫ1 . Both fibril types also contain some disordered structure (evident as a peak at 1648 -1649 cm Ϫ1 ), consistent with previous solid-state NMR results (18, 19) . Thus, deletion of residues 113-120 appears to have a considerable effect on the type of ␤-sheet structure present in PrP23-144 amyloids.
Solid-state NMR Reveals Alternate ␤-Sheet Core for ⌬113-120 PrP23-144 Fibrils-Previously, we used solid-state NMR spectroscopy to characterize the ␤-core region in PrP23-144 amyloid at the molecular level (18 -20) . To gain higher resolution insight into the structural consequences of deletion of the 113 AGAAAAGA 120 palindrome sequence, we performed a series of two-dimensional and three-dimensional solid-state NMR experiments to identify the location of secondary struc- amyloid consists of a compact, highly ordered, and relatively rigid core region and a large domain subject to considerable dynamics (18, 19) . However, there appear to be major conformational differences in the core regions of these two amyloids. This is indicated by (i) the very small degree of overlap between the 15 N-13 C ␣ spectra for the two proteins and (ii) the same number of cross-peaks detectable in spectra for [WT] and [⌬113-120] fibrils, despite the deletion of eight amyloid core residues from the PrP23-144 sequence. The latter finding strongly suggests that additional amino acids (i.e. not contributing to the core of [WT] fibrils) become sufficiently immobilized and incorporated into the core region of [⌬113-120] fibrils.
Sequential resonance assignments for the ⌬113-120 PrP23-144 amyloid core residues (established primarily on the basis of three-dimensional 15 Table S1 , and strips from three-dimensional solid-state NMR data sets displaying the protein backbone connectivity are shown in supplemental Fig. S1 . Similarly to the [WT] amyloid, the rigid core region for [⌬113-120] fibrils is located near the C terminus, between amino acids ϳ106 -141. Interestingly, however, upon deletion of the 113 AGAAAAGA 120 sequence, several residues (amino acids ϳ 106 -111) located just outside the amy- (18, 19) .)
Altogether, these findings indicate that the slow, microsecond-millisecond time scale protein backbone motions that appear to be present throughout the core region for WT PrP23-144 fibrils (19) are effectively quenched in [⌬113-120] amyloid, suggesting that deletion of the palindrome sequence results in a considerable rearrangement of the PrP23-144 amyloid core structure. Indeed, this notion is consistent with the substantial (up to ϳ5 ppm) differences observed for many 13 CЈ, 13 C ␣ and 13 C ␤ chemical shifts (which are sensitive reporters of local protein structure; supplemental Fig. S2 ) for residues Val-121-Phe-141, which are part of the amyloid core in both [WT] and [⌬113-120] fibrils. We note here that the assignment of residues 106 -108 was complicated by attenuated resonance intensities and is somewhat tentative (see supplemental text and Fig. S3 ).
The 13 C and 15 N chemical shifts were employed to predict the protein backbone conformation in the core regions of [WT] and [⌬113-120] fibrils using the TALOSϩ program (31) in the "no proton" mode. A summary of the secondary structure analysis is shown in Fig. 4C , and supplemental Figs. S4 and S5 show plots of the 13 CЈ, 13 C ␣ , and 13 C ␤ secondary chemical shifts and predicted backbone and torsion angles and normalized probabilities of the different secondary structure elements, respectively. For [WT] fibrils, this analysis indicates the presence of three ␤-strands, a short strand between residues ϳ113-115 and two longer strands encompassing residues ϳ118 -127 and ϳ130 -140, interrupted by two regions of non-␤-structure, with one of these regions containing the flexible Tyr-128 and Met-129 residues. These results generally are consistent with our previous analysis of the secondary structure in the core region of [WT] fibrils (18) using other chemical shift-based approaches, although the present data reveal that the second strand is likely extended by several residues. By contrast, upon deletion of the 113 AGAAAAGA 120 sequence, the secondary structure analysis indicates that the amyloid core region in [⌬113-120] fibrils extends N-terminally up to residue ϳ106, consisting of only two ␤-strands of nearly equal length, encompassing residues ϳ108 -125 (with residues 113-120 missing) and ϳ128 -141. Although the latter strand is nearly coincident with the C-terminal strand in [WT] fibrils, the first strand of [⌬113-120] fibrils encompasses multiple residues that are flexible and of undefined structure in the [WT] amyloid but conserves the approximate size of the N-terminal ␤-region seen in [WT] fibrils. Thus, a portion of the ␤-sheet core in PrP23-144 amyloid is "movable" in amino acid sequence space; that is, residues ordinarily excluded from the amyloid core may become incorporated into the core if sequences with a stronger propensity to form intermolecular ␤-sheet are absent. Fig. S6B ). In each case, these masses could be matched to residues 97/98/99 -144. These data are generally consistent with the identity of the ordered, ␤-sheet core as determined precisely by solid-state NMR. Somewhat longer proteinase K-resistant regions compared with ␤-sheet cores (and the same cleavage sites for [WT] and (113-120) fibrils may be explained by factors such as residual order in the region(s) adjacent to ␤-core and steric constraints limiting the access of large proteinase K molecules (ϳ29 kDa) to potential cleavage sites near the edges of the core.
DISCUSSION
Essential and Nonessential Regions of PrP23-144 Amyloid
Core-Many studies of prion amyloidogenicity and infectivity have identified the strictly conserved hydrophobic palindrome 113 AGAAAAGA 120 (numbering according to human PrP) as a putative fibrillogenic sequence, essential for cellular propagation of infectious PrP (24) . Indeed, this sequence has been found to form amyloid in isolation (21) , and structural models for amyloids of several PrP peptides containing this sequence have been presented (22, 23, 33) . In these studies, PrP residues 113-120 have been found to adopt either parallel in-register or antiparallel ␤-structure, with Ala side chains of opposing strands packing into various "steric zippers" as described by Eisenberg and co-workers (34) . The fact that various backbone and side chain packing polymorphs of this segment have been identified in highly similar peptides illustrates that PrP sequences are compatible with numerous amyloid conformations, a property essential to the existence and transformation of prion strains and transmissibility barriers (16, 17, 35) .
The truncated PrP variant PrP23-144 is associated with a familial prion protein amyloidosis (13) . Even though this specific prionopathy appears to be noninfectious (36), PrP23-144 has been a valuable in vitro model for investigating various aspects of protein amyloidogenesis and prion-like conformational inheritance (16) , despite the fact that the ␤-sheet core of PrP23-144 does not overlap with that of full-length PrP amyloids generated in vitro (37) (38) (39) . Here, we have used this protein to test the role of the 113-120 sequence in the context of a "large" prion protein with other known ␤-sheet forming sequences. Earlier work demonstrated that residues 113-120 become incorporated into the ␤-sheet core of PrP23-144 fibrils (18) . Intriguingly, however, the present data reveal that deletion of these residues does not abolish (or even affect the kinetics of) fibrillogenesis or alter PrP23-144 seeding capability (Fig. 1) . Thus, counterintuitively, it appears that the N-terminal part of the ␤-core of PrP23-144 is not critical for amyloidogenesis. In contrast, mutations or natural species-specific sequence variations near the C terminus of this protein (residues 138 -139) have been shown to profoundly affect the amyloid conformation, cross-seeding capability, and fibrillization kinetics of PrP23-144 (14 -16), and C-terminally truncated mutants ending at residue 138 or lower were found incapable of forming amyloid (14) . These findings led us to designate the region around residues 138 -139 as a critical amyloidogenic determinant for PrP23-144, and recent crystallographic work on shorter PrP peptides encompassing this region (40) has provided a plausible structural explanation for how this sequence may regulate fibril nucleation in the truncated PrP fragment.
Importantly, this critical region of PrP23-144 exists in a ␤-strand that is mostly conserved between [WT] and [⌬113-120] fibrils (Fig. 4C ). This C-terminal ␤-strand, approximately residues 130 -140, may therefore be considered an essential component of the PrP23-144 amyloid core, as it controls nucleation of the PrP23-144 amyloid structure (accounting for the identical fibrillization kinetics and seeding capability of [WT] and [⌬113-120] amyloids). The ␤-strand region containing residues 113-120, conversely, is nonessential to amyloid nucleation (Fig. 1) . In other words, not all portions of the ␤-sheet core contribute equally to the properties of the amyloid.
Previous studies have shown that certain conformational features of PrP23-144 variants are transmissible upon cross-seeding, whereas others are not (16, 26) . Thus, the finding that both WT and ⌬113-120 PrP23-144 variants are mutually capable of seeding one another despite differences in the amyloid core sequence raises the question of whether the conformational differences resulting from deletion of residues 113-120 are transmissible to WT protein upon cross-seeding WT PrP23-144 with ⌬113-120 PrP23-144 amyloid (or vice versa). Detailed structural properties of such cross-seeded fibrils are currently under investigation by variety of techniques including multidimensional solid-state NMR spectroscopy.
Segmental Polymorphism in Nonessential Core Sequence, "Movable Core" for PrP23-144 Fibrils-In a thorough study of the islet amyloid polypeptide, Wiltzius et al. (41) showed that this protein exhibits so-called "segmental polymorphism", or variability in which amino acid sequences become incorporated into the ␤-strand of the core (7). Mutation of islet amyloid polypeptide shifted the amyloid core to a different segment of the islet amyloid polypeptide sequence; the small size of this peptide precluded the coexistence of more than one core ␤-strand per islet amyloid polypeptide molecule, however. Here, we have directly demonstrated a similar segmental polymorphism within the nonessential ␤-strands of the PrP23-144 amyloid core, but with conservation of the essential ␤-strand. Residues ϳ106 -111, which are not part of the amyloid core of [WT] fibrils, become incorporated into the core region of [⌬113-120] fibrils, forming a nonessential part of the core of approximately the same size as that in [WT] fibrils (Fig. 4C) . The essential C-terminal strand, however, is nearly conterminous (to within the ability of solid-state NMR chemical shifts to predict secondary structure) in both PrP23-144 variants. Thus, the nonessential core is movable in the sense that it can incorporate different residues under different conditions. Somewhat similar "movement" of part of the ␤-core was inferred (from isotope-edited FTIR spectra) to underlie pH-dependent polymorphism in fibrils of a ␤ 2 -microglobulin peptide (42) , though that study did not distinguish essential and nonessential sheets.
The nonessential, movable portion of the amyloid core, though it does not influence fibril formation, has a considerable influence over the conformation and ultrastructure of the amyloid fibril product (Figs. 2 and 3 ). This finding mirrors earlier work on PrP23-144, in which we found that the Met/Val polymorphism at position 129, located in a flexible non-␤ segment of the core region (18) , imparts a conformational difference (visible in FTIR spectra) on PrP23-144 amyloids without affecting the fibrillization kinetics or seeding capability (26) . It was concluded that sequence variation outside the nucleationdetermining region can influence fibril conformation without affecting amyloidogenesis. Importantly, the present results show that this can also be true for structural or sequence differences within the rigid ␤-strands in the amyloid core, provided that such differences are limited to the nonessential region of the core (Fig. 5) . The existence of essential and nonessential (movable) regions of a ␤-sheet core suggests that the concept of an amyloid core domain is not as well defined for large proteins as for small peptides. This view is supported by the finding that the ␤-core of fibrils formed by PrP90 -231 and PrP23-231 is shifted C-terminally relative to PrP23-144 (mapping to residues ϳ160 -220, Refs. [37] [38] [39] , and the existence of variablesized ␤-core sequences in other amyloid proteins, such as the yeast prion Sup35 (for which the core size determines strain (43) (44) (45) ) or the bacterial hydrogenase maturation factor HypF (46). Our present results provide an intriguing new means by which this core variability can be achieved.
Implications for Amyloid Biochemistry-In protein misfolding diseases, amyloid toxicity may result from loss of function of the aggregated protein, association of fibrils (or small aggregates) into insoluble plaques, overloading of the protein disposal machinery, recruitment of other substances (e.g. lipid membranes or soluble proteins), or any combination of the above (1, 5, 47) . In many cases, these parameters depend intimately on the physicochemical properties of amyloid aggregates (48, 49) . Correspondingly, functional protein amyloids (1, 6, 8) may rely on a specific fibril conformation to achieve a particular activity or gain of function. It has been proposed (7) that structural polymorphism in both types of amyloids acts to tune the functional or toxic properties of the amyloid aggregate, either through direct changes in physicochemical properties (e.g. fibril hydrophobicity) or through variable interactions with other factors (e.g. disaggregating molecular chaperones). Several forms of amyloid polymorphism, ranging from simple sidechain rotations to large changes in the size of the ␤-core, have been described (7, 34, 41, 46, 50) . Our finding that segmental polymorphism can exist in a nonessential portion of an amyloid core, with conservation of an essential (nucleation-determining) portion, suggests another basis for such polymorphism. In particular, the present results demonstrate a means by which amyloid conformation and biophysical properties can vary with conservation of aggregation propensity and seeding capability. The present results are also of relevance to the emerging biotechnological applications of amyloids (51, 52) , as it may be possible to achieve a desired physical property of amyloid fibrils (e.g. hydrophilicity) with retention of seeding ability, by manipulating nonessential segments of the amyloid core. It is worth noting, for example, that [⌬113-120] fibrils lack the tendency of [WT] fibrils to form insoluble precipitate.
Because high resolution three-dimensional structural information is not yet available for PrP23-144 fibrils, it is unclear precisely how partial movement of the nonessential ␤-sheet core produces the marked conformational and morphological differences between [⌬113-120] and [WT] fibrils. Undoubtedly, the structural influence of the nonessential core depends on the overall topology of the ␤-structure in the amyloid fibril, which can vary enormously from one protein to another (7, 10) ; not all amyloid structures may be compatible with the coexistence of essential and nonessential core regions. Further restrictions on the "movability" of the amyloid core may be imposed by the mechanism of structural templating of soluble protein by the amyloid seed, a process that has not been characterized in detail for any amyloid protein. Thus, although the present study shows an interesting means by which amyloid structures can display structural polymorphism, far more detailed structural and biophysical investigation is needed before the full implications of movable amyloid core sequences can be fully appreciated.
S2
Resonance assignments of fragment K106-N108 in ∆113-120 PrP23-144 amyloid fibrils
As noted in the main text, assignments of the three-residue fragment, K106-N108, were complicated by significantly attenuated resonance intensities due to protein dynamics and are therefore somewhat tentative. While these assignments are not critical to the main conclusions of the paper, the rationale for them is briefly presented here along with possible alternatives.
Focusing on this fragment, which clearly corresponds to three consecutive residues in the protein sequence, we immediately note that the spin system for the central amino acid is characteristic of a threonine with its highly distinctive pattern of 13 In summary, the current assignment of the three-residue fragment above as K106-T107-N108 is based on a correlation between the 15 N of residue M109 and 13 C α of the preceding residue in the 3D NCOCX spectrum (Fig. S1 and Fig. S3 ), which connects the fragment to the rest of the protein sequence, combined with the fact that this three-residue segment directly borders the relatively rigid amyloid core region. Although, it remains somewhat tentative, in order to provide an additional measure of confidence in this assignment we have carried out an independent analysis of all the spectra using a Monte Carlo/simulated annealing automatic o C in the absence (-) or presence (+) of 1 µg/mL PK (Sigma) and then boiled for 10 min with 20 µL of 2x SDS-PAGE sample buffer. Aliquots (20 or 10 µL for PK-treated and nontreated samples, respectively) were applied on a 12% gel. (B) Mass spectra of fibrils after PK digestion. The numbers for each peak indicate the molecular mass and residues corresponding to matching PrP23-144 fragments. Spectra were acquired on a Thermo LTQ mass spectrometer.
